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Abstract

The objective of this Workshop is to identify possible research that might increase the use of
bicavailability data in comparative risk assessments, particularly for soils and sediments
containing petroleum hydrocarbons. The challenge is to identify specific topics, which if
addressed by sound research, will reduce current uncertainties and thus make a difference in a
risk assessment evaluation and in risk management decisions.

The intent of this presentation is to provide an overview of key points that could serve as afocus
for discussions at the Workshop. Items that will be discussed include recognition of finite
resources for research, the need for “use inspired R/D”, the fact that different hydrocarbons have
different site related and chemical characteristics, and the difference between chemical
availability, environmental availability and environmental bioavailability.

Over the past decade, considerable research has occurred that relates to the topic of the
Workshop. Many important items that have been learned in this period will be identified.
Integrating the above topics will lead to suggestions of specific topics and a research strategy
that appears appropriate, may stimulate further discussion and help lead to specific Workshop
conclusions and recommendations.
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Abstract

A portion of organic contaminants on soils and sediments is frequently found to resist
desorption, extraction and biodegradation. Understanding of the mechanisms controlling these
“sequestration” processes has been elusive. This talk reports on a series of studies examining
how soil characteristics and aging time control the rate and extent of desorption and
biodegradation of phenanthrene and on methods for assessing both soil structure and
contaminant availability. Soil organic matter (SOM) structure has been assessed using
quantitative pyrolysis GC/MS with external standards and solid state *C NMR. Amorphous and
free iron and aluminum contents were also determined because these are hypothesized to be
important loci of mineral-soil organic matter interactions, which may influence the configuration
and accessibility of SOM domains within soil. Sorption/desorption isotherms were measured
using phenanthrene as a probe compound for geosorbents with a wide range of organic carbon
contents. Desorption rate measurements employed polymeric (Tenax) beads as an infinite sink.
Inoculating sterilized soils with phenanthrene degrading bacteria was used to assess
bioavailability. Correlations between 1) desorption and bioavailability and 2) the sorption and
biodegradation properties and the soil characteristics were discussed in an effort to understand
and predict biodegradation rates with desorption properties and soil characteristics as
determinants.
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Abstract

In order to determine whether bioavailability limits the biodegradability of petroleum
hydrocarbons in aged soils, both the biodegradation and abiotic desorption rates of PAHs and n-
alkanes were measured at various time points in six different aged soils undergoing slurry
bioremediation treatment. Alkane biodegradation rates were aways much greater than the
respective desorption rates, indicating that these saturated hydrocarbons apparently do not need
to be dissolved into the aqueous phase prior to metabolism by soil microorganisms. The
biodegradation of PAHsS was generally not mass-transfer rate limited during the initial phase,
while it often became so at the end of the treatment period when biodegradation rates equaled
abiotic desorption rates. However, in all cases where PAH biodegradation was not observed or
PAH remova temporarily staled, bioavailability limitations were not deemed responsible for
this recalcitrance since these PAHs desorbed rapidly from the soil into the agueous phase.
Consequently, aged PAHs that are often thought to be recalcitrant due to bioavailability
limitations may not be so and therefore may pose a greater risk to environmental receptors than
previously thought.
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Abstract

We propose that incorporating activated carbon (AC) into the biologicaly-active zone of
contaminated sediment is an effective method to reduce the availability of persistent organic
contaminants to the agueous phase and biota. To test this concept, we contacted PCB-
contaminated sediment from Hunters Point Naval Shipyard, San Francisco Bay, CA, with AC for
one or six months and performed physicochemical and bioaccumulation tests with treated and
untreated sediment. Sediment treated with 3.4% by weight AC showed 87% reduction in
agueous equilibrium PCB concentrations, and 78% reduction in the bioaccumulation of PCBs by
the clam Macoma balthica, and 90% and 93% reduction in PCB uptake by Leptocheirus
plumulosus and Neanthes arenaceodentata, respectively. Data from these and other tests suggest
that the effectiveness of AC treatment depends on dose, contact time, and particle size. On-going
tests at Hunters Point are evaluating field methods for mixing AC into sediment and the
effectiveness in reducing PCB bioaccumulation by Macoma nasuta under field conditions.
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Abstract

Standard chemical techniques typically extract far more PAH from soils or sediment than are
biologically available. For benthic invertebrates, many of which are deposit feeders, the
bioavailable fraction is constrained by the proportion of contaminant that is desorbed from the
sediment during gut passage. We therefore have been investigating the potential of using deposit
feeder gut fluids as a biologically relevant extractant in an in vitro procedure to quantify
bioavailable PAH. Gut fluids typicaly extract 20-70% of PAH. Extraction efficiencies vary
when using gut fluid from a variety of deposit feeders, but most taxa tested are fairly comparable
with the exception of echinoderms, for which PAH extraction capability is similar to seawater.
Comparisons between the fraction of contaminant solubilized in vitro and the fraction absorbed
in vivo in actively feeding organisms have shown exceptionally good correlation, indicating the
rapid in vitro extraction procedure is a reasonable surrogate for the more difficult in vivo
measures of bioavailability. The major limitation to date of the gut fluid extraction procedure
has been the limited availability of fluid because of the reliance upon deposit feeding
invertebrates as a source of the extractant. However, it is clear that the effectiveness of gut fluid
as a PAH extractant lies in the natural surfactants within the fluid, and recent results indicate a
biomimetic solution containing a commercially available surfactant has PAH extraction
capabilities comparable to gut fluid but without the supply limitations.
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Abstract

Bioaccumulation is a useful measure of bioavailability. For aquatic organisms, such as fish,
chemicals in respired water or ingested food can be taken across the gill and gut and accumulated
in tissue. Once within the organism, compounds may exert an adverse biological effect in the
fish and/or present a subsequent exposure source to human or wildlife consumers. In regulatory
contexts, bioaccumulation is often quantified using bioaccumulation factors that are obtained
using conservative models that rely on physical-chemical properties such as the octanol-water
partition coefficient (Koy). Since the hydrocarbon constituents that comprise petroleum
substances typically exhibit high Kg, vaues, default bioaccumulation factors for these
substances can be significantly exaggerated. To improve aquatic bioaccumulation assessment
several important processes must be considered including: complexation of dissolved chemical
to colloidal and particulate organic carbon; degradation in the gut; biotransformation in tissues
and growth-dilution. To provide quantitative insights on the role these factors exert on the
bioaccumulation of different hydrocarbon classes (n-paraffins, i-paraffins, olefins, naphthenes,
aromatics) as a function of Ky, a series of laboratory bioaccumulation experiments were
performed. These tests involved spiking different hydrocarbons to a commercia diet. The spiked
diet was then fed daily at a fixed ration to juvenile rainbow trout for a period of 1-2 weeks. The
fish were then transferred to a clean tank and fed uncontaminated food. During this depuration
period, fish were periodically sampled, weighed and analyzed for parent hydrocarbon using GC-
MS. Based on these data, the growth-corrected half-life, dietary assimilation efficiency and
biomagnification factor (BMF) for each hydrocarbon were determined. The BMF represents the
steady-state, lipid-normalized concentration ratio of hydrocarbon in fish to diet and provides a
diagnostic measure of biomagnification potential. The bioconcentration factor (BCF), which
represents the steady-state concentration ratio in fish to that in water, was also derived from the
experimentally derived half-life and the estimated uptake clearance that was calculated from the
fish weight and a term accounting for the aqueous bioavailability of the hydrocarbon under test
conditions. Based on test results, the dependence of BMF and BCF on K, for different
hydrocarbon classes are presented and compared to default bioaccumulation model predictions.
Study findings demonstrate the importance of (1) biotransformation in both gut and fish tissues
and (2) aqueous bioavailability limitations in mitigating the bioaccumulation of hydrocarbons.
These data also provide the technical basis for developing improved predictive bioaccumulation
models for different hydrocarbon classes.
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Abstract

Polycyclic aromatic hydrocarbons (PAHS) are introduced into the environment via many routes
including fossil fuel combustion, manufactured gas and coa tar production, wood treatment
processes, automobile exhaust, and waste incineration. Their presence in contaminated soils and
sediments poses a significant risk to the environment since they have ecotoxic, mutagenic and in
some cases carcinogenic effects. PAHs degrade relatively slowly through physical, chemical and
biological processes, some of which are mediated by bacteria and fungi. The recalcitrance of
PAHSs increases with molecular weight, which is toxicologically important because many high
molecular weight PAHs are genotoxic and carcinogenic. There long has been a question of
whether bioremediation by bacteria and fungi can lower PAH levels enough to protect human
health and ecological systems. Also monitoring the decrease in the PAHs that were initially
present in a polluted site does not necessarily show the actual extent of detoxification because
some PAH metabolites may themselves also be toxic. There are many bacterial and fungal
species that can degrade PAHs including benzo[a]pyrene. PAHSs are initially degraded by soil
microorganisms by the dioxygenase, monooxygenase and peroxidase pathways, the first and
second pathways are found in bacteria and the second and third in fungi.

Bacteria that oxidize PAHs include species of Pseudomonas, Flavobacterium, Alcaligenes,
Aeromonas, Vibrio, Sphingomonas, Bacillus, Nocardia, Pasteurella, Corynebacterium,
Micrococcus, Mycobacterium, Acinetobacter, Arthrobacter, Sreptomyces, Moraxella,
Achromobacter, Rhodococcus, Comamonas, Microbacterium, Porphyrobacter, Thermus, and
Burkholderia. Most of the reported high molecular weight PAH degrading bacteria are Gram-
positive including species of mycobacteria. They have been commonly isolated from PAH-
contaminated soils. We found that soil mycobacteria have both PAH-hydroxylating
dioxygenases and cytochrome P-450 monooxygenases which enhance their ability to degrade the
highly recalcitrant PAHSs.

Mycobacterium vanbaalenii PYR-1 was isolated from oil-contaminated sediment based on its
ability to mineralize pyrene. This organism is capable of degrading high molecular weight
polycyclic aromatic hydrocarbons (PAHS) including benz[a]anthracene and benzo[a]pyrene. The
biodegradation pathways for anthracene, phenanthrene, fluoranthene, benzo[a]pyrene and
benz[a]anthracene have been elucidated. The characterization of the major initial oxidation and
ring-fission products indicated multiple routes of enzymatic attack in various positions on the
aromatic ring. Protein expression profiles of M. vanbaalenii PYR-1 grown in the presence of



high molecular weight PAHs showed the over expression of at least sixteen proteins for the PAH
treatment over uninduced control samples. Some proteins were found to be expressed uniquely
upon exposure to specific PAHS, whereas others were common for more than one PAH.

Genomic approaches indicated that M. vanbaalenii PYR-1 uses multiple dioxygenases and
cytochrome P-450 monooxygenases to degrade PAHs. PAH degrading genes that encode for the
aromatic ring-hydroxylating dioxygenases have been cloned and sequenced from M. vanbaalenii
PYR-1. In addition to the dioxygenases, three cytochrome P-450 genes were detected and the
complete sequences determined. The genes for the lower pathway degradation enzymes have
also been cloned and sequenced. The overal organization of the PAH degradation genes in M.
vanbaalenii differs significantly from Gram-negative bacteria. M. vanbaalenii PY R-1 has been
successfully used in field trials, bioreactor and microcosm studies to biotreat PAH contaminated
sediments. These studies demonstrate the bioremediation potential of Mycobacterium species to
degrade high molecular weight PAHs. In addition, these investigations provide fundamental
information on PAH degradation as well as other metabolic processes in environmental strains of
Mycobacterium spp.
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Abstract

Soils are tremendously heterogeneous environmental matrices with varying spatial and temporal
gradients of organic carbon, pH, and particle size distribution. These physical and chemical
attributes of soil in turn determine the potential bioavailability of chemicals to soil-dwelling
invertebrates. One of the biggest problems in determining the risk of hydrocarbons in soil to soil-
dwelling ecological receptors is determining the actual chemical exposure of an organism. The
expression of exposure and toxicity of chemicals in soils is often confounded by great
differences between total chemical measures and the actual fraction of chemicals bioavailable for
toxic action. Approaches for assessing the bioavailability of organic chemicals may be either
biological or chemical in nature, but chemical measures must be correlated with biological
responses. Bioaccumulation and critica body residues (CBRs) are a direct measure of
bioavailability. Biomimetic sampling devices, such as solid-phase microextraction (SPME)
techniques provide an indirect measure of chemical bioavailability that may correlate well with
bioaccumulation. Chemical extraction techniques have also been used to assess the fraction of
chemicals in soil that is bioavailable. This presentation will review chemical and biological
approaches for assessing the bioavailability of chemicals for earthworms and discuss the
application of these measures in the ecological risk assessment of PAHS.
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Abstract

Human and ecological risk assessments of contaminated soils often rely on bioconcentration
factors (BCFs) that link soil residue levels to exposure concentrations in edible plant parts. When
measured BCFs are lacking, which is most often the case, empirically-based models are used to
estimate exposure concentrations in food or feed from soil residue levels. To date, these
empirical relationships had to be based on a relatively small number of plant species and
chemicals (mostly chlorinated hydrocarbons). As a result, linking chemical residues in soil to
exposure concentrations is very uncertain. Few quantitative studies are available for reducing
this uncertainty, particularly for petrogenic chemicals. To address this problem, we are using
controlled environmental exposure chambers to measure the pathway specific uptake of twelve
polycyclic aromatic hydrocarbons and six n-alkanes from spiked agricultural soils into wheat
grass. Wheat is used as a model plant for this study because wheat grain and wheat containing
products are widely consumed by both humans and farm animals. We reduce the levels of
ambient pollutants in the exposure chamber air by passing the incoming air through a high
efficiency filter and bed of activated carbon. We used a regression-based exposure design with
multiple soil contaminant levels to differentiate between the direct soil-plant transfer and the
indirect soil-air-plant uptake pathway. The measured logBCF values range from -1.0 to -2.9 for
the twelve PAHSs studied. The measured BCFs values are nonlinear with respect to logKow and
are typically lower than those predicted from existing regression models. The presence of n-
alkanes in the soil did not influence the magnitude of the BCFs for PAHs in grass.
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Abstract

Concentration measurements form the basis for the generation of numerous experimental
parameters and many decisions are based on reported measured concentrations. Bioconcentration
factors of highly hydrophobic compounds for example use agueous concentrations in the
denominator, although it is known that concentration measurements in agueous solutions of
hydrophobic chemicals are difficult to perform and can be subject to systematic errors. Total
concentrations in soil and sediment are also often used by regulatory agencies in risk assessment
decisions, while differences in bioavailability may strongly affect a site-specific risk. Also in
vitro systems often report a dose or a concentration at a certain biological effect. However, asthe
precise exposure in these systems is often not investigated, quantitative data from these in vitro
tests can be uncertain.

In this presentation, we focus on measured freely dissolved concentrations as a more intrinsic
concentration parameter. We will show that effect concentrations based on freely dissolved
concentrations represent the more intrinsic potency of chemicals in in vitro assays. Also
examples will be presented on measured free concentrations of a few pesticides as well as PAHs
in relation to bioavailability in soil.

A technique for measuring freely dissolved concentrations, based on solid phase micro-
extraction, will be briefly discussed.
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Abstract

Extraction with supercritical carbon dioxide (SFE) is being developed as arapid test to determine
the bioavailability of PAHs from MGP soils and sediments. The SFE conditions were first
developed on samples collected during a one-year bioremediation in a field plot. A 40 minute
SFE test correctly predicted the degree of removal obtained for individual and tota PAHSs
whether the removal was high (e.g., >80% for 2- and 3-ring PAHS), or low (e.g., <5% for 5- and
6-ring PAHS) [1]. Based on these results, 14 additional coal gas and oil gas soil samples were
collected, and the “fast” fractions of 20 individual PAHs were determined using 120 minutes of
SFE and compared to 120 days of water desorption. Good agreement was obtained between both
methods regardless of whether the PAHs were found to be tightly bound, or readily available
[2,3]. The same 14 samples were also used to determine earthworm toxicity and PAH uptake.
SFE showed that the toxic samples had much higher “available” PAH concentrations than the
non-toxic samples, even though the total PAH concentrations were not predictive of toxicity [4].
Removal of the “available’ PAHs by SFE eiminated the toxicity, even though PAH
concentrations remained high, demonstrating that SFE extracts biologically-relevant molecules
[4]. For the non-toxic samples, the standard equilibrium partitioning model overpredicted the
uptake of PAHs by one to three orders of magnitude. However, using the SFE “available’ (rather
than total) PAH concentrations and a measure of carbon quality was able to predict the
concentrations of 2- to 6-ring PAHs in worm lipid within a factor of 10 [4].

Most recently, the toxicity of polycyclic aromatic hydrocarbons (PAHS) to the aquatic amphipod,
Hyalella azteca, was measured in 43 sediment samples having a wide range in total (sum of 16)
PAH concentrations (4 to 5700 mg/kg) collected from manufactured gas plant (MGP) sites. The
survival and growth of H. azteca in 28-day bioassays was unrelated to total PAH concentration
with 100% survival in one sediment having PAH concentrations of 1,730 mg/kg total PAHS,
while no survival was observed in other sediment samples with concentrations as low as 54
mg/kg total PAHs. The EPA’s equilibrium partitioning model predicted that 40 out of the 43
sediments should be toxic, but only 6 sediments actually caused mortality. However, the use of
“available” PAH concentrations determined using SFE or by measuring the PAH concentrations
in pore water correctly differentiated the 6 toxic sediments from the 36 non-toxic sediments.
These results demonstrate that either pore water or SFE measurements of “available” PAHs is
needed to accurately predict toxicity to H. azteca.

Reference:
1. Hawthorne and Grabanski, Environ. Sci. Technol. 34, 2000, 4103-4110.
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Abstract

Soils contaminated with coa or petroleum by-products may contain high concentrations of
carcinogenic polynuclear aromatic hydrocarbons (PAH). An estimation of PAH dermal
bicavailability from PAH-contaminated soils is critical in assessing human health risks
associated with dermal exposure. In vitro percutaneous absorption using intact human skin is
one way to estimate bioavailability in dermal exposures. Percutaneous absorption experiments
with a variety of lipophilic materials and, in particular, PAH have demonstrated good correlation
between in vivo and in vitro procedures for this class of compounds. Additionally, in vitro
percutaneous absorption using human skin eliminates interspecies extrapolation and
overestimates of dermal penetration (relative to humans) often observed with animal models.
Unlike PAH in direct contact with skin, soil-sorbed PAH must first partition from the solid
matrix to the outer layer of the skin (stratum corneum or SC) prior to penetration and diffusion.
Published in vitro dermal penetration studies show that sorption on soil of individual PAH or
PAH in petroleum or coal by-products significantly impedes PAH penetration through the skin
relative to the neat material. The reduction is generally attributed to soil organic matter content
and soil “weathering” or “aging” phenomena which may result in soil-bound chemicals
becoming increasingly desorption resistant over time. These and several more recently
completed in vitro dermal penetration experiments will be described which estimate the dermal
penetration properties (flux rates) of PAH in (MGP tars and lampblack) contaminated soils based
on the measured dermal flux of a surrogate PAH, benzo[a]pyrene (BaP). The experimentally
measured BaP dermal flux values are used to estimate the dermal flux of target PAH and to
further calculate the dermally absorbed dose (DAD), an essential component of the equation to
determine the human cancer risk associated with dermal exposure to PAH.
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Abstract

The Remediation Urgency Method (SUS), the method in the Netherlands to determine the
urgency of soil remediation, was introduced in 1994 in the framework of the Dutch Soil
Protection Act. The methodology is based on human and ecological risk assessment and risks of
contaminant migration (Swartjes, 1999). It is used by local governments to prioritise the
remediation of contaminated sites in their district. Recently an inventory on shortcomings and
needs for improvement of the current method among users has been made. Subsequently, options
for improvement have been indicated (Lijzen et al. 2003). Regarding human risk assessment,
research on the estimation of relative bioavailability in the human body for the soil ingestion
exposure pathway (particularly for lead by children) was highly prioritised.

The relative bioavailability factor (relative F) is defined as a ratio of two bioavailability values.
The present concepts for human exposure assessment (like in the Dutch CSOIL exposure model
and probably al other European exposure models) set relative F to 1.0 for all contaminants. This
implies that bioavailability of a contaminant ingested with soil is assumed to equalize the
biocavailability of the same contaminant ingested with the matrix applied in the toxicity or
epidemiological studies (e.g. tap water, food, olive ail, etc.), underlying the derivation of the
reference dose (RfD). This concerns a conservative assumption, because in many casesrelative F
is expected to be smaler than 1. This will generally be caused by “the matrix effect”, i.e.
bioaccessibility (Fg). We consider bioavailability as the resultant of four processes, i.e. 1) intake
of a matrix + contaminant, 2) release of the contaminant from its matrix in the gastrointestinal
tract (Fs = fraction which becomes bioaccessible), 3) transport across the intestinal wall into the
Portal vein (Fa = fraction absorbed), and 4) passing through the liver without being metabolised
(F4 = fraction passing the liver without being metabolised).

In order to quantify the effects of the matrix of ingestion on bioaccessibility we have developed a
physiologicaly based in vitro digestion model (Oomen et al., 2003). The model results were
compared with the results for the in vivo situation, together with five other European in vitro
digestion models, assessing bioaccessibility of soil-bound lead in the human gastrointestinal tract
under fasted and fed conditions (van de Wiele et al., submitted). These in vitro digestion models
mimic the physiological conditions as occurring during the in vivo digestion of ingested soil, as it
passes down the various compartments of the human gastro-intestinal tract, i.e. the mouth,
stomach, and small intestine. The present and other in vitro digestion models have shown that in
many cases only a fraction of the contaminant becomes bioaccessible (Oomen et al., 2003;



Oomen et a., 2002; Oomen et al., 2000; Ruby et al., 1999; Oomen et al., 2002), confirming the
findings of in vivo studies that the matrix of ingestion can have a profound effect on actua
exposure. These findings support the need for incorporation of arelative bioavailability factor in
the risk assessment procedures.

Ideas on implementing information on bioaccessibility within the process of determining
remediation urgency will be presented.
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Abstract

Sail ingestion through hand-to-mouth activities is a potential exposure pathway that is required
to be evaluated to establish risk-based cleanup levels for hydrocarbon contaminated sites. In this
presentation, we shall highlight our technology research and development effort which aims at
improving the current understanding of factors controlling the bioaccessibility and the
bioavailability of ingested hydrocarbon residues, and at helping site management to meet this
regulatory requirement. Here hydrocarbon residues are defined as hydrophobic molecules that
remain tightly-bound to soil particles after weathering, for example, petroleum hydrocarbon
residues. Bioaccessibility is defined as the fraction of soil-bound hydrocarbon residues that is
mobilized from soil particles, whereas bioavailability is the fraction of soil-bound hydrocarbons
that enters the systemic circulation.

Although hydrocarbon residues are tightly-bound to soil particles, they can be mobilized from
soil during digestion, and become available for intestina absorption. The mobilization step, also
called solubilization, occurs mostly in the upper small intestine due to the detergency
characteristics of bile salts. The amount of hydrocarbon residues that are solubilized can be
estimated in vitro by means of a physiologically-based small intestine (PSI) extraction model
developed in our lab (1,2). In vitro solubilization and bioaccessibility experiments with total
petroleum hydrocarbon (TPH) residues from different polluted sites have demonstrated that the
solubility of TPH residues was significantly higher for soil contaminated with diesel than with
crude oil; compared to the fasting state solubility, the solubility of TPH residues was much
greater during fat digestion; the solubility of TPH residues was reduced by soil organic carbon
(SOC).

The in vitro assessment of the absorption step has been a challenge. For a long time it was
believed that all bioaccessible hydrocarbons would be absorbed through the intestinal wall into
the portal vein and transported to the liver, a mgor site of presystemic metabolism and
detoxification of xenobiotic compounds. However, results from our in vitro experiments (3)
show that for polycyclic aromatic hydrocarbons (PAHS) considerable metabolism occurs in the
intestinal wall because of induction of intestina CYP1A1 and CYP1B1. Using the human Caco-
2 cellsin conjunction with the transwell system (an established model system to simulate human
intestinal absorption of chemicals) to measure benz[a]pyrene (B[a]P) uptake, we found that a
major fraction of BaP reaching the basolateral chamber (representing the portal blood) was
metabolized, and that an even larger fraction of BaP metabolites were released into the apical
chamber (representing the intestinal lumen). This metabolism is caused by the induction of
various intestinal forms of P450 (including CYP1A1, CYP1B1 and other) by B[a]P and many



other PAHSs, and has been reported, for example, in Caco-2 cells (4,5), rat small intestinal
epithelia cells (6,7), and in mice (8). This pre-systemic metabolism can reduce the total amount
of the parent PAHs that enter the systemic circulation and leads to a partial detoxification. If the
metabolite(s) exerts toxicity, it should be considered in assessing risk, whereas, if innocuous, the
metabolite(s) should not be considered.

To better understand the link between bioaccessibility and bioavailability of hydrocarbon
residues, we have developed a mass-balance in vivo mouse model (9). In vivo experiments using
female Swiss-Webster mice fed with PAH contaminated soil show that a significant fraction of
PAHs was metabolized at the intestinal wall, and that the extent of metabolism was compound
dependent with phenanthrene the most recalcitrant (10). We propose to use phenanthrene as a
marker for “apparent bioavailability”, which can be linked to bioaccessibility measurements
from in vitro experiments.
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Abstract

Risk assessments of chemicals in drinking water are conducted to evaluate contamination
situations, provide health guidance and support setting regulatory standards. Health protective
concentrations are developed based on cancer (if appropriate) and non-cancer endpoints for
establishing public health goas (PHGs). PHGs are levels of chemicals in water not anticipated
to result in adverse health effects following long-term exposures. These are used as the health
based considerations for Maximum Contaminant Levels, or MCLs. PHGs have been developed
for about 70 chemicals, including benzene, benzo(a)pyrene, ethylbenzene, methyl tert-butyl
ether, perchlorate, toluene and xylene. The risk assessments involve evaluation of human and
animal data and the results are affected by the quality of available data. Uncertainties exist
where there are data gaps. Some of the uncertainties are addressed by use of assumptions and
defaults for inter- and intra-species extrapolation, sensitive populations, exposure duration,
relative source contribution, pharmacokinetics, bioavailability, and database deficiency, among
others. Research is needed to fill data gaps and reduce the uncertainties.
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Abstract

Fuels are a mixture of hundreds of petroleum hydrocarbons. However, the human heath and
environmental risks associated with petroleum hydrocarbons are typically evaluated based only upon the
concentrations of a limited number of chemicals of concern (COCs). These COCs are typically selected
because of their toxicity, as in the case of benzene, toluene, ethyl benzene, xylene (BTEX), and
benzo(a)pyrene(BaP); their potential for impacting water taste and odor, as in the case of methyl tert-butyl
ether (MTBE); and a desire to reduce analytical and investigation costs by limiting the number of
chemicals of concern. As a result, remediation has been terminated and cleanup approved at many
petroleum contaminated sites where undetermined concentrations of unknown petroleum hydrocarbons
may still remain in soil and ground water. These remaining petroleum hydrocarbons present a potential,
but undefined, risk to human health and the environment.
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Abstract

Lampblack, the principal residue resulting from the pyrolysis of oil to produce gas, may contain
high levels of polynuclear aromatic hydrocarbons (PAHSs). Risk assessments for oil-gas
manufactured gas plant (MGP) sites are primarily driven by the risks to human health posed by
the carcinogenic PAHSs, particularly benzo(a)pyrene (BaP). Yet lampblack binds these PAHs
tightly, greatly reducing the availability of the contaminants for leaching or biological uptake. A
multi-investigator study of the chemical and biological availability of PAHs in seven lampblack
samples has resulted in a protocol for modifying risk assessments by incorporating availability
data. The results indicate that the uptake via both oral ingestion and dermal contact is far lower
than current default assumptions suggest. Dermal and ingestion absorption factors (DAFs and
IAFs) were experimentally derived using published in vitro test protocols. Using these
absorption factors in the standard California risk assessment equations increased the risk-based
cleanup levels by a factor of 72 on average, with a range from 23 to 142 times the default level.
The chemica measures of availability included an agueous rate of release test and a supercritical
fluid extraction (SFE) assay, which have been previously shown to be closely correlated to each
other. The rapidly-released fraction, as determined by the SFE test, was closely correlated
(r2=0.96) to the cleanup levels calculated for each sample using the site-specific DAFs and IAFs.
These results suggest a tiered protocol for site-specific assessments, using a rapid and
inexpensive screening-level chemical availability test as part of an initial tier of evaluation, and a
combination of in vitro assays for higher-tiered, more intensive assessments.



